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The invention relates to a phase detector for detecting a phase between a first 
input signal and a second input signal. 

The invention also relates to a Phase Locked Loop comprising a phase 
detector for detecting a phase between a first input signal and a second input signal, and to a 
method for detecting a phase between a first input signal and a second input signal, and to a 
processor program product for detecting a phase between a first input signal and a second 
input signal. 

Such a phase detector forms for example part of a Phase Locked Loop or PLL 
as for example used in PLL based phase demodulators where a modulated phase is converted 
into a voltage and in zero-IF (intermediate frequency) receivers requiring a phase detector 
with possible frequency detection capabilities. 



A prior art phase detector is known from US 6,366,145 Bl, which discloses in 
its Fig. 4 a digital phase detector (102) comprising a phase detector (122), a filter (124) and a 

phase-switcher (126). 

Such a known phase detector is for example constructed with two D-FlipFlops 
and a NAND gate: Both D-inputs of both D-FlipFlops receive logic one, the clock-input of 
the first D-FlipFlop receives the REFerence signal, the clock-input of the second D-FlipFlop 
receives the CLocK signal, the Q-output of the first D-FlipFlop generates theUP-signal, the 
Q-output of the second D-FlipFlop generates the DOWN-signal, which UP-signal and 
DOWN-signal are further supplied to inputs of said NAND gate, of which the output is 
coupled to both Reset-inputs of both D-FlipFlops for resetting purposes. 

Known phase detectors are disadvantageous, inter alia, due to not functioning 
properly under more severe conditions: for example the linear range (the range in which the 
phase detector operates linearly) gets smaller for higher frequencies; and for example the 
output jitter increases a lot for sampled input signals; and for example the disadvantages of 
the dead-zone of known phase detectors will increase under these more severe conditions. 
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It is an object of the invention, inter alia, of providing a phase detector as 

defined ^preamble wh^ . 

The phase detector according to the invention is characterized m that said 
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Said differs establisher wiU establish diftrenceo between said input signals 
wfc^lecal^.dmgaSrs.di^^and.s^di^^to 
10 whioh S a i dse 1 ec,orwin S e ! e C . OT .ofsa i ddiifer«ocsig D aMob e « Se d»anou t p»«s 1SJ1 alfor 

pfia* lockrng ^ ^ ^ ^ ^ . nta alia _ ^ difterencc8 beWOT , .aid 

^ataioidee.in.e.aUa.^^di^oanbe^^^w^tob., 

15 one is to be selected. 

Tte invention solves the problem, inter alia, of providing aphase detector 

and selecting one of tbom. 

A first embodiment of thephase detector according to the mvention as defined 
.nolaimZisadvmtagenuaintbataaidselectorisafeedbacHeasaoleotor. 

Said feedback^ aelector does not have any loop (at block level), as a reault 

for sampled inpnt signals, the ontput jitter will not increase. 

' A86 ^dembc«iimentofthephasedeteotoraecordmgtomoinv 6 nt.onaa 

defined in data 3 is advantageoos in «... said selector comprises latche. clocked by said 

aecondinpntsignalandforreceivingsaidfi^^ 
30 andeompriaea.mmtiplexercnntaUedby^secondmpnt^aMforrecervmgsa.d 

latch signals and for generating a selection signal. 

Said latches are for example D-FlipFlopa eaobreceiving the first mpu. srgnal 
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signal for example being the REFerence signal being supplied to the ClocK-input of the first 
latch and to the ClocK-input-inverse of the second latch and to a control input of said 
multiplexer. This low-complex-low-cost embodiment does not have any loop, compared to 
said prior art phase detector, in which the outputs of the FlipFlops are fed back via said 
NAND to the Reset-inputs of said FlipFlops. For said second embodiment, these Reset-inputs 
are not used (and/or left open and/or left unconnected) for phase locking purposes. 

A third embodiment of the phase detector according to the invention as 
denned in claim 4 is advantageous in mat said phase circuit comprises a converter for 
converting said input signals into compensated input signals. 

Said converter compensates said input signals, for example for process 
variations, as a result of which the difference establisher will be better able to establish said 
differences. 

A fourth embodiment of the phase detector according to the invention as 
defined in claim 5 is advantageous in that said converter comprises per input signal a buffer 

circuit coupled to a replica circuit. 

Said buffer circuit coupled to said replica circuit compensates per input signal 
for temperature variations, withboth combinations of buffer circuit plus replica circuit 
providing compensated input signals having (substantially) equal amplitudes, for improving 

the establishing of differences. 

A fifth embodiment of the phase detector according to the invention as defined 
m claim 6 is advantageous in that said difference establisher comprises a subtracting circuit 
for subtracting compensated input signals from each other and generating a result signal and 
comprises a modulus circuit for generating moduli of said result signal, with said phase 
detector comprising a multiplexer to be controlled by a selection signal for selecting a 
modulus. 

A first difference signal then for example comprises the positive modulus of a 
difference between said compensated input signals, and a second difference signal then for 
example comprises the negative modulus of a difference between said compensated input 
signals, with said multiplexer selecting one of these generated moduh. 
) A sixth embodiment of the phase detector according to the invention as 

defined in claim 7 is advantageous in that said difference establisher comprises a subtracting 
circuit for subtracting compensated input signals from each other and generating a result 
signal and comprises a squaring circuit for generating squares of said result signal, with said 
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phase detector cor^ 

square. . . 

A first difference signal then for example comprises the positive square of a 

difference between said compensated input signals, and a second difference signal then for 

example comprises the negative square of a difference between said compensated input 

signals, with said multiplexer selecting one of these generated squares. 

Embodiments of the Phase Locked Loop according to the invention, of the 
method according to the invention and of the pmcessor program product according to the 
invention correspond with the embodiments of the phase detector according to the invention. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments® described hereinafter. 



Fig. 1 illustrates in block diagram formaphase detector according to the 
15 invention comprising a difference establisher with a modulus circuit and a selector, and 
Fig. 2 illustrates a timing diagram for said phase detector according to liie 
invention based upon a modulus calculation, with Fig. 2a disclosing the compensated CLK 
signal or x-signal leadingthe compensated REF signal or y-signal, and with Fig. 2b 
disclosing the compensated CLK signal or x-signal lagging the compensated REF signal or y- 
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The phase detector shown in Fig. 1 comprises a difference establisher 1 
comprising a subtracting circuit 1 1 receiving an x-signal (being a compensated CLocK 

-w^^TmTW^^^^^"^^^^ seneratins ** ( ^°" slgnal 

being aresult signal. Difference establisher 1 comprises a modulus circuit 12 for calculating 
moduli U-yland-lx-yl to be supphed to a multiplexer 13 for generating a phase lock 

signal. . 

Aconverter3comprisesabuffercircuit31 for receiving a CLocK signal and 

30 C ou P ledtoarepUcacircuit32for generating a compensated CLocK signal or x-signal, and 
comprises a buffer circuit 33 for receiving a RJEFerence signal and coupled to a replica circuit 
34 for generating a compensated REFerence signal or y-signal. Converter 3 compensates 
said input signals, for example for process variations, as a result of which difference 
establisher 1 will be better able to establish said differences. Said buffer circuit 3 1,33 coupled 
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to said replica circuit 32,34 compensates per input signal for temperature variations, with 
both combinations 31-32 and 33-34 providing compensated input signals having 
(substantially) equal amplitudes, for improving the establishing of differences. In other 
words, the replicabias circuit 32, 34 makes the x-signal and y-signal substantially equal to 
5 each other and compensated with process errors and temperature variations. 

The phase detector shown in Fig. 1 further comprises a selector 2 comprising 
latches 21 and 22 each in the form of for example a D-FlipFlop and each receiving the 
CLocK signal between the D-input and D-input-reverse and each being clocked by the 
REFerence signal (with latch 21 receiving the REF signal at its clock-input and with latch 22 
1 0 receiving the REF signal at its clock-input-reverse. Both latches 21 and 22 generate latch 
signals present between their Q-output and Q-output reverse, which latch signals are supplied 
to a multiplexer 23 controlled by saidREF signal. Thereby, the latch signal from latch 21 is 
supplied straightly, with the latch signal from latch 22 being supplied reversely. The output 
signal from multiplexer 23 is a selection signal and is supplied to a control input of 

15 multiplexer 13. 

In view of Fig. 2a, with the compensated CLK signal or x-signal leading the 
compensated REF signal or y-signal, the phase detector shown inFig. 1 functions as follows. 
Selector 2 is a kind of a decision circuit with a bang-bang-operation and acting as a one-bit- 
quantizer, with both D-FlipFlops 21,22 being sampled/clocked on both edges of the REF 
signal. Selector 2 decides that the compensated CLK signal or x-signal is leading the 
compensated REF signal or y-signal, and multiplexer 23 will generate a selection signal 
destined for multiplexer 13 and controlling multiplexer in such a way that the positive 
modulus + 1 x-y I is chosen to be the phase lock signal. As can be derived from Fig. 2a, this 

obviously is the right choise. 
25 ^ view of Fig. 2b, with the compensated CLK signal or x-signal lagging the 

compensated REF signal or y-signal, the phase detector shown in Fig. 1 functions as follows. 
Selector 2 now decides that the compensated CLK signal or x-signal is lagging the 
compensated REF signal or y-signal, and multiplexer 23 will generate a selection signal 
destined for multiplexer 13 and controlling multiplexer in such a way that the negative 
modulus - 1 x-y I is chosen to be the phase lock signal. As can be derived from Fig. 2b, this 

obviously is the right choice. 

The invention is based upon an insight, inter alia, that differences between said 
input signals will give an indication of the phase (difference) to be detected, and is based 
upon a basic idea, inter aha, that several differences can be established (by subtracting a first. 
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, , ,,«^r ™re severe conditions, and is advantageous, inter alia, in that 
toente.ampledi^tsignAtooutputjitlecwillBOtmotease. 

^L h -— - « — *- — 

introduction of phase errors. Ajl 

• • ^ e lvetransistorsQl-Q12andfivecurrentsource S CSl-CS5. Collectors 
circuit comprising twelve transistors. v;i v 

w * native voltage source, and bases of Q12 and Q>> are 
^nooiOOll 012 are coupled to a positive voiidgowui , 

X T 1 ee mto o £ Q 1 Zi S c OT p 1 «d«o4eba,sofQ 1 »dto a«cu^« -co » 
Q ? ■LofOUUcoupledtofcbasteofQa^toafbitd^ria.tsouMCSS 

f rv7 »d 08 are coupled to each otter and to a fifth current «»™ W 1+z)) - 
— ofQeeadQSaeecoup.edtoasecondcotn.oopouttfc 
conducting a canent + U I - a • 
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Alternatively, instead of a modulus circuit 12, a squaring circuit could be 
introduced, for generating a first square +(x-y) 2 and a second square -(x-y) 2 . This could for 
example be realized via z 2 = z • z through a circuit comprising six transistors Q5-Q10 and 
four current sources CS1,CS3,CS4,CS5. Collectors of Q9,Q10 are coupled to apositive 
voltage source, and the basis of Q9 and of Q10 receive a bias voltage. The emitter of Q9 is 
coupled to the bases of Q5 and Q8 and to a first current source CS1 (Io(l+z)). The emitter of 
Q10 is coupled to the bases of Q6 and Q7 and to athird current source CS3 (Io(l-z)). The 
emitters of Q5 and Q6 are coupled to each other and to a fourth current source CS4 Qo(l-z)), 
and the emitters of Q7 and Q8 are coupled to each other and to a fifth current source CS5 
(Io(l+z)). The collectors of Q5 and of Q7 are coupled to a first common point for conducting 
a current - z 2 and the collectors of Q6 and Q8 are coupled to a second common point for 

conducting a current + z 2 . 

Many alternatives belong to the possibilities without departing from the scope 
of this invention. Subtracting circuit 11, modulus circuit 12 or squaring circuit 12, and 
multiplexer 13 can be designed in many different ways. For example said circuits 12 can be 
designed using other transistors and/or other polarities, and instead of using the "double- 
wire" construction a "single-wire + earth/ground" construction could be used. Latches 21 and 
22 could be in the form of other FlipFlops and/or other circuits. 

The phase detector according to the invention can be used advantageously in 
Phase Locked Loops or PLLs running at 1 GHz or 10 GHz as for example used in PLL based 
phase demodulators where a modulated phase is converted into a voltage and in zero-IF 
(intermediate frequency) receivers requiring a phase detector with possible frequency 
detection capabilities. 
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1 Phase detector for detecting a phase between a first input signal and a second 

input signal, characterized in that said phase detector comprises a difference establisher for 
establishing differences between said input signals and comprises a selector for selecting one 
of said differences to be an output signal. 

5 

2. Phase detector according to claim 1, characterized in that said selector is a 
feedbackless selector. 

3. Phase detector according to claim 2, characterized in that said selector 

10 comprises latches clocked by said second input signal and for receiving said first input signal 
and for generating latch signals and comprises a multiplexer controlled by said second input 
signals and for receiving said latch signals and for generating a selection signal. 

4. Phase detector according to claim 1, characterized in that said phase circuit 
15 comprises a converter for converting said input signals into compensated input signals. 

5. Phase detector according to claim 4, characterized in that said converter 
comprises per input signal a buffer circuit coupled to a replica circuit. 
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6. Phase detector according to claim 4, characterized in that said difference 
establisher comprises a subtracting circuit for subtracting compensated input signals from 
each other and generating a result signal and comprises amodulus circuit for generating 
moduli of said result signal, with said phase detector comprising a multiplexer to be 
controlled by a selection signal for selecting a modulus. 

7. Phase detector according to claim 4, characterized in that said difference 
establisher comprises a subtracting circuit for subtracting compensated input signals from 
each other and generating a result signal and comprises a squaring circuit for generating 
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squares of said result signal, with said phase detector comprising a multiplexer to be 
controlled by a selection signal for selecting a square. 

8. Phase Locked Loop comprising aphase detector for detecting a phase between 
a first input signal and a second input signal, characterized in that said phase detector 
comprises a difference establisher for establishing differences between said input signals and 
comprises a selector for selecting one of said differences to be an output signal. 

9. Method for detecting a phase between a first input signal and a second input 
signal, characterized in that said method comprises the step of establishing differences 
between said input signals and the step of selecting one of said differences to be an output 
signal. 

10. Processor program product for detecting a phase between a first input signal 
and a second input signal, characterized in that said processor program product comprises the 
function of estabUshing differences between said input signals and the function of selecting 
one of said differences to be an output signal. 
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Known phase detectors have feedbackloops and do not function properly 
under severe conditions. By providing said phase detectors with difference establishers (1) 
for establishing differences between input signals and with selectors (2) for selecting one of 
said differences to be used as an output signal for phase locking purposes, the phase detectors 

5 operate better under more severe conditions, with any dead-zone having disappeared. Said 
selector (2) is a feedbackless selector, then a loop delay no longer exists, the linear range will 
not get any smaller for higher frequencies, the output jitter will not increase, for sampled 
input signals. Said selector (2) comprises latches (21,22) and a multiplexer (23). A converter 
(3) converts input signals into compensated input signals, via abuffer circuit (31,33) coupled 

10 to areplica circuit (32,34) per input signal, to provide input signals having substantially equal 
amplitudes and being compensated with process errors and temperature variations. The 
difference establisher (1) is based upon moduli or squares. 
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